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Tuberculosis  is  an  infectious  disease  that  affects  millions  of people  worldwide  with  an  annual  mortality
rate  of 1.3  million.  The  mechanisms  contributing  to  the  loss of  balance  of  immune  responses  and  pro-
gression  to active  tuberculosis  disease  are  unknown.  Although  CD4+  and  CD8+  T  cells  and  the  cytokines
they  produce  are  crucial  for protection  against  tuberculosis  they  have  different  roles  in tuberculosis
immunology.  The  function  of CD4+  T  cells  has been  extensively  studied;  however,  less  is  known  about
the  phenotype  and  function  of  CD8+  T cells.  This  study  evaluated  the speciﬁc  expression  of  IFN-,  IL-
17,  IL-10,  and  TGF-  and  ex  vivo expression  of perforin  and  granzyme-B  by CD8+  T cells  from  activeaciloscopy
uman tuberculosis
tuberculosis  individuals  compared  with  latent  infected  individuals  and  non-latent  infected  individuals.
Tuberculosis  responses  were  correlated  with  the baciloscopy  score.  We  observed  that  the  presence  of  IL-
10  and  TGF-  expression  and  down-expression  of  granzyme-B  in  CD8+  T cells  correlated  with  increased
sputum  bacillary  load in active  tuberculosis  individuals.  These  ﬁndings  provide  new  insights  into  the  role
of  CD8+  T cells  in Mycobacterium  tuberculosis  disease.
© 2014  Elsevier  B.V.  All  rights  reserved.. Introduction
Tuberculosis (TB) is an infectious disease caused by Mycobac-
erium tuberculosis (Mtb) that affects millions of people worldwide
ith a mortality rate of 1.3 million people. The dissemination of
ulti-drug resistant Mtb  and the continuing HIV/AIDS outbreak
as led to the perpetuation of a global epidemic of TB. According
o the World Health Organization, one-third of the world’s popu-
ation is latently infected with Mtb  (LTBI), of which 5–10% develop
ctive TB [1]. However, the exact mechanisms contributing to the
oss of balance of immune responses and the progression to active
B disease are unknown.T-cell immunity is crucial for Mtb  infection control and both
D4+ and CD8+ T cells play important roles in host protection.
lthough IFN- has a vital function against Mtb  infection [2–4],
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165-2478/© 2014 Elsevier B.V. All rights reserved.a complex network of other cytokines, such as IL-17 [3–6], IL-
6 [4,7,8], IL-10 [4,9,10] and TGF- [11] may  play a role in the
immunopathogenesis of Mtb  infection. Additionally, Harari et al.
[12] and Rozot et al. [13] demonstrated that CD4+ and CD8+ T-cell
subpopulations were functionally different in patients with active
TB and subjects with LTBI, respectively, suggesting a different role
of these cells in the immunology of TB [12,13].
While most studies have focused on the characterization of
CD4+ T cells in TB, less is known about the phenotype and function
of CD8+ T cells and their mechanisms of action, which remain highly
controversial. Different roles of Mtb-speciﬁc CD8+ T cells in immu-
nity to human Mtb  infection have been proposed [13–16]. The main
function ascribed to CD8+ T cells is cytolytic activity to kill infected
cells mediated by cytotoxic granules such as perforin, granzyme B
and granulysin, with residual Fas-L and TNFR-dependent cytolytic
activity [17]. In addition, CD8+ T-cell-produced cytokines have also
been the subject of much research [6,13,14]. IL-17-secreting CD8
(Tc17) effector cells have been described in healthy subjects [18]
and in tuberculous pleural effusion [6] and have been associated
with the pathogenesis of many diseases in mice [19–21]. However,
their role in pulmonary tuberculosis is unknown. Recently, many
studies have described and established CD8+ T cells with regulatory
functions [13,16,22,23], but their involvement in the pathogenesis
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f TB has not been clariﬁed. Highlighting novel functions of CD8+ T
ells in the immunology of TB may  help elucidate the mechanisms
nvolved in disease pathogenesis.
Active pulmonary TB is the most common clinical manifestation
f TB and is characterized by high levels of bacterial replication and
he presence of acid-fast bacilli (AFB) in sputum. Although there
s no direct quantitative measurement of bacillary load, previous
linical studies indicated that sputum smear grading at the time of
iagnosis (negative, scanty, 1+, 2+, or 3+) is predictive of relapse and
ecurrence of TB disease [24,25]. Moreover, sputum smear grading
orrelates with disease severity by chest radiograph scoring [26].
ecently, studies correlated cytokine production from lymphocytes
nd disease severity. TB severity was associated with increased lev-
ls of CD4+ IFN-+IL-17+ and CD8+ T cells and reduced levels of
olyfunctional or IL-2-producing Mtb-speciﬁc CD4+ T cells [3,27].
he aim of this study was to evaluate CD8+ T-cell-speciﬁc cytokine
nd perforin/granzyme expression in active TB and correlate its
esponse with the baciloscopy score.
. Materials and methods
.1. Study populations
This was a transversal descriptive study composed of three
roups: TB, composed of active pulmonary patients; LTBI, com-
osed of latent Mtb  infected individuals, and CS, composed of
on-latent infected individuals. TB patients were consecutively
ecruited at the Hospital de Doenc¸ as Tropicais and Hospital das
línicas in Goiânia, and Centro de Atenc¸ ão Integral a Saúde do
ardim Nova Era (CAIS Jd. Nova Era) in Aparecida de Goiânia, Goiás,
razil and 36 patients who presented with inclusion criteria agreed
o participate in this study. TB patients were recruited indepen-
ent of sex and race and inclusion criteria for TB patients were
ulmonary TB diagnosis based on epidemiologic history, signs, and
ymptoms, and chest X-ray ﬁndings consistent with TB. All included
atients had positive sputum smear microscopy within 15 days of
B treatment. The number of AFB in sputum smears was counted
ccording to the World Health Organization guidelines [28], and
hree groups of TB patients were enrolled: 1+ (10–99 AFB per 100
elds); 2+ (1–10 AFB per ﬁeld in 50 ﬁelds), or 3+ (more than 10 AFB
er ﬁeld in 20 ﬁelds). During the same period, healthy individuals
ith no TB and without symptoms of other investigative diseases
ere recruited at the Universidade Federal de Goiás. Healthy indi-
iduals were recruited, matched by sex and age to TB patients,
nd classiﬁed according to the tuberculin skin test (TST). Exclu-
ion criteria for all individuals were pregnancy, positive serology
or HIV, and aged younger than 18 years. All studies were approved
y the Hospital of the Federal University of Goiás Ethics Com-
ittee (protocol number: 055/2009), and informed consent and
 clinical questionnaire were obtained from all participating sub-
ects.
.2. Tuberculin skin test
Healthy individuals (n = 36) were administered the TST to char-
cterize latent Mtb  infection. All individuals received 0.1 mL  of
uriﬁed protein derivative (PPD-RT 23 Mtb-2 UT, Copenhagen,
enmark) intradermally (Mantoux technique) in the left forearm.
he size of skin induration was measured along the longer trans-
erse axis 72 h later and the result was expressed in millimeters.
ndividuals with TST ≤ 9 mm were classiﬁed as TST− and were
ncluded in the CS group (n = 23). Individuals with TST > 10 mm
ere classiﬁed as TST+ and were included in the LTBI group (n = 13)
ccording to the World Health Organization classiﬁcation [29]. Letters 160 (2014) 23–32
2.3. Peripheral blood mononuclear cells and culture
Sixteen milliliters of peripheral blood was collected in
heparinized tubes from each individual and peripheral blood
mononuclear cells (PBMCs) were isolated by gradient density
centrifugation using Ficoll (Ficoll-Paque Plus, GE Healthcare Bio-
Sciences AB). The cells were washed twice in saline and a total of
2 × 105 cells/well were cultured in 96-well culture plates for 96 h at
37 ◦C with 5% CO2 and recombinant Mtb  antigen (rMPT51, 2 g/mL)
in the presence of anti-CD3 (eBioscience) and RPMI 1640 supple-
mented medium as previously reported [30]. PBMCs cultured in
the medium or phytohemagglutinin (PHA, 2 g/mL) were used for
negative and positive controls, respectively.
2.4. Flow cytometry
Cell surface and intracellular staining was  performed using the
following monoclonal antibodies: IFN--FITC, CD8-APC, granzyme-
B-PE (BD Pharmingen, San Jose, CA, USA), IL-10-PE, IL-17-PE
(eBioscience), TGF--PE (IQ Products), and IgG1-FITC and IgG1-PE
(BD Pharmingen) as an isotype control according to the manufac-
turer’s instructions. Cells were labeled with CD8-APC and with rat
IgG1-PE isotype control to set up a gate for the IL-17, granzyme-
B, IL-10, and TGF- positive cells. Cells were also labeled with
CD8-APC and rat IgG1-FITC isotype control to set up a gate for IFN-
 and perforin-positive cells. Brieﬂy, cells cultured with medium
alone, PHA, or TB antigen were treated with Golgi Stop Solution
(containing monensin, BD Pharmingen) and after 4–6 h of fur-
ther incubation, they were harvested for analysis. The cells were
treated with PBS containing 0.05% azide for 20 min prior to sur-
face and intracellular staining. After centrifugation 800 × g 10 min,
cells were stained at 4 ◦C for 18 min  with CD8-APC. Subsequently,
the plates were washed twice with PBS containing 0.05% azide and
treated with PermFix (BD Pharmingen) for 18 min. For intracellu-
lar staining, cells were permeabilized with Perm Wash buffer (BD
Pharmingen) and incubated at 4 ◦C for 18 min  with the following
speciﬁc antibodies: IFN--FITC, Perforin-FITC, granzyme-B-PE (BD
Pharmingen), IL-10-PE, IL-17-PE (eBioscience), and TGF--PE (IQ
Products). After washing, the samples were immediately analyzed
on a FACSCanto II apparatus (Becton Dickinson) at the FAR-
MATEC/UFG (Goiás, Brazil). At least 50,000 events were acquired
per sample. Data analysis was performed using FACSDiva software
(BD Becton Dickinson).
2.5. IL-6 detection
Levels of IL-6 in the plasma were measured using standard
Human IL-6 ELISA Ready-SET-Go! Kit (eBioscience) according to the
manufacturer’s instructions. Concentrations of IL-6 in the samples
were calculated with a standard curve generated from recombi-
nant IL-6, and results were expressed as pg/mL. The sensitivity of
the assay was  2 pg/mL.
2.6. Statistical analysis
The mean and standard error of the mean (SEM) were cal-
culated. After assessing normality of all data by quantile plots,
one-way analysis of variance was  used to compare variances
between the groups. As the variance magnitude from each group
was similar, an F-test and p-values were calculated to predict the
differences between the mean results of each group. A post hoc test
(Kruskal–Wallis test) was  used to evaluate whether each speciﬁc
group pair was  different from each other. A p value less than < 0.05
was considered statistically signiﬁcant. To calculate the relation-
ship between IL-10 and TGF- T CD8 expression, the mean ﬂuoresce
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Table  1
Characteristics of subjects.
Characteristics Tuberculosis (n = 36) LTBI TST+ (n = 13) Control subjects (n = 23)
Male/female, n (%) 22/14 (61.1/38.9) 6/7 (46.2/53.8) 16/7 (69.5/30.4)
Mean  age (minimum–maximum) 41.8 (20–71) 38.9 (22–72) 35.4 (22–69)
BCG,  n (%) 27 (75) 11 (84.6) 23 (100)
History of contact with TB, n (%) 13 (36.1) 9 (69.2) 7 (30.4)
Current smokers, n (%) 18 (50) 5 (38.4) 6 (26.1)
Concomitant diseases, n (%)
Hypertension 5 (16.6) 3 (23.7) 1 (4.3)
Diabetes mellitus 3 (8.3) 0 (0) 0 (0)
Anemia 2 (5.5) 0 (0) 0 (0)
Gout  2 (5.5) 0 (0) 0 (0)
Pneumonia 2 (5.5) 0 (0) 2 (8.6)
Cardiovascular 2 (5.5) 1 (7.6) 0 (0)
Gastrointestinal 1 (2.7) 0 (0) 3 (13)
Autoimmune 2 (5.5) 0 (0) 0 (0)
Other  diseases 3 (8.3) 1 (7.6) 4 (17.3)
Presence of cavity 10 (27.7) ng ng
Smear grade of bacillary load, n (%)
1+ 14 (38.9) ng ng
2+  6 (16.6) ng ng
3+  16 (44.5) ng ng
aPercentage of CD8+ T cells (min − max) 37.2 ± 4.2 (31–44.8) 30.4 ± 3.9 (24.3–37.4) 30.9 ± 6.9 (18.5–40.5)
aTotal number of CD8+ T cells × 105 (min − max) 4.0 ± 0.7 (3.1–5.3) 2.2 ± 0.3 (1.8–2.6) 1.6 ± 0.4 (1.0–2.3)
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TB: tuberculosis; TST: tuberculin skin test; BCG: Bacillus Calmette Guérin; ng: negat
er  100 ﬁelds); 2+ (1–10 AFB per ﬁeld in 50 ﬁelds), or 3+ (>10 AFB per ﬁeld in 20 ﬁe
a PBMC CD8T cells.
or each cytokines for an individual were plotted in a xy graph and
 linear regression was determined.
. Results
.1. Characteristics of study participants
The characteristics of TB patients and healthy individuals are
hown in Table 1. A total of 72 individuals (36 patients with TB and
6 healthy individuals in LTBI (n = 13) and CS (n = 23) groups) were
ncluded in the study. Recently diagnosed pulmonary TB patients
ith a mean age of 41.8 years were mainly male (61.1%), the major-
ty of whom were BCG vaccinated. Only 36.1% of TB patients had
revious contact with active TB. The majority of TB patients (n = 16)
resented with a high bacillary load and 27.7% (n = 10) presented
ith a cavity by X-ray but did not present with multi-drug-resistant
B. Concomitant predominant diseases in these patients were
ypertension and diabetes mellitus. Fifty percent of TB patients
ere smokers (Table 1). Among LTBI individuals (n = 13) the mean
ge was 38.9 years and 69.2% had previous contact with TB. The
ajority was BCG vaccinated and three individuals presented with
ypertension. The control subject group (non-infected individuals)
ad a mean age of 35.4 years and all were vaccinated with BCG
efore 6 months of age. Around 30% of CS individuals had previous
ontact with TB. A large percentage of the healthy individuals were
mokers (LTBI = 38.4% and CS = 26.1%).
.2. Speciﬁc Tc1 and Tc17 cells and IL-6 in active tuberculosis
PBMCs from TB, LTBI, and CS were analyzed for IFN- (Tc1) and
L-17 (Tc17) expression after rMPT51 stimulus (Fig. 1A). Speciﬁc Tc1
Fig. 1B) and Tc17 (Fig. 1C) cells were induced in active TB but not
n LTBI or CS individuals (p < 0.05). No differences were observed
n double-positive (IFN-+IL-17+) CD8+ T cells between all groups
Fig. 1A and data not shown). The speciﬁc Tc1/Tc17 ratio was sig-
iﬁcantly higher in TB patients (Fig. 1D) compared with LTBI and CS
ndividuals (p < 0.05). Therefore, during active TB, speciﬁc Tc1 and
c17 cells were generated. patients were divided according to bacillary load: 1+ (10–99 acid-fast bacilli (AFB)
Levels of IL-6 in the plasma of all individuals involved in this
study were quantiﬁed. We  observed that TB patients had higher
levels compared with LTBI or CS individuals (Fig. 1E; p < 0.05). Thus,
active TB infection induced Tc1 and Tc17 cells and increased IL-6
levels.
3.3. Speciﬁc expression of IL-10 and TGF-  ˇ by CD8+ T cells in
active tuberculosis
In addition to their proinﬂammatory functions, we  investigated
whether CD8+ T cells had an anti-inﬂammatory role in active TB.
Expression of IL-10 and TGF- is shown in Fig. 2. Both cytokines (IL-
10; Fig. 2A and C and TGF-; Fig. 2B and D) were induced in CD8+ T
cells from TB patients in response to the Mtb  antigen, when com-
pared with LTBI or CS individuals (p < 0.05). Consequently, these
results indicate that CD8+ T cells from active TB patients produce
regulatory cytokines.
3.4. Cytotoxic granules of CD8+ T cells in tuberculosis
Next, we  investigated whether CD8+ T cells from TB patients
had a cytolytic molecules. We  analyzed perforin and granzyme-
B expression ex vivo in CD8+ T cells from patients with active TB,
LTBI, and CS individuals. No difference was observed when perforin
expression was analyzed (Fig. 3A and B). However, granzyme-B
expression was  down-regulated in CD8+ T cells from active TB
patients (Fig. 3A, and C, p < 0.05). Overall, these results indicate that
TB patients contain CD8+ T cells with cytolytic properties, although
granzyme-B expression was impaired. In order to discard if this
phenomenal was associated with a reduced CD8+ T cell population
among pulmonary TB patients, the percentages of CD8+ T cells in
the peripheral blood among TB, LTBI, and CS and the total num-
bers of CD8+ T cells were evaluated. TB patients presented higher
numbers of CD8+ T cells (Table 1) when compared with LTBI or CS
(p < 0.05) while the percentages were similar.3.5. Bacillary load is associated with CD8+ T-cell phenotype
The bacillary load in the sputum smear of TB patients was used
to classify the patients according to the different CD8+ T-cell
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Fig. 1. Analysis of CD8+ T cells expressing IFN- and IL-17 and plasma levels of IL-6 in individuals with TB, LTBI, and CS. PBMC were cultured with medium alone, PHA
(2  g/mL) or rMPT-51 (2 g/mL) for 96 h and the expression of cytokines were analyzed by ﬂow cytometry. (A) Representative FACS plot of IFN- and IL-17 expression in
CD8+  T cells after stimulation with medium alone, PHA or rMPT51. IgG1 was  used as an isotype control. (B) Percentage of speciﬁc Tc1 (CD8+ IFN-+) cells among TB, LTBI,
and  CS individuals. (C) Percentage of speciﬁc Tc17 (CD8+ IL-17+) cells among TB, LTBI, and CS individuals. (D) Ratio of Tc1/Tc17 cells. (E) Plasma levels of IL-6 among TB, LTBI,
and  CS individuals. Data are expressed as the mean ± SEM. Signiﬁcant differences between the groups (*p < 0.05).
B.D.d.S. Silva et al. / Immunology Letters 160 (2014) 23–32 27
Fig. 2. Speciﬁc expression of IL-10 and TGF- by CD8+ T cells in TB, LTBI, and CS. PBMC were cultured with medium alone, PHA (2 g/mL) or rMPT-51 (2 g/mL) for 96 h and
the  expression of cytokines was analyzed by ﬂow cytometry. Representative FACS plot of mean ﬂuorescence intensity (MFI) of IL-10 (A) and TGF- (B) expression from CD8+
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D8+  T cells from TB patients and LTBI and CS individuals. (D) Speciﬁc TGF- MFI  
ean  ± SEM. Bars show signiﬁcant differences between the groups (*p < 0.05).
henotypes described in this study. For this, TB patients
ere stratiﬁed according to sputum smear grade of low (1+),
edium (2+), or high (3+) bacillary load. The CD8+ T-cell
xpression of IL-10 (Figs. 4A and 5A) and TGF- (Figs. 4B and 5B)
as proportional to the bacillus quantity in the smear from TB
atients. A positive correlation between IL-10 and TGF- expres-
ion was observed (r2 = 0.60) among all TB individuals. There
as also a clear positive association of the bacillary load and the
xpression of those anti-inﬂammatory cytokines production by
D8+ T cells (Fig. 5C). Conversely, IFN-+ or IL-17+, CD8 T-cell
umbers were similar among the studied groups, independent
f the sputum bacillary load (Fig. 5D and E). Paradoxically, the
xpression of granzyme-B in CD8+ T cells diminished as the bacil-
ary load increased in TB patients (Fig. 5F). These data indicate that
atients with higher bacillary load in the sputum presented CD8+
 cells with a regulatory phenotype and diminished granzyme-B
xpression.
. Discussion
In this study, we analyzed the speciﬁc expression of IFN-, IL-17,
L-10, and TGF- cytokines and the ex vivo expression of perforin
nd granzyme-B in CD8+ T cells from TB, LTBI, and CS individ-
als. The phenotypes observed in CD8+ T cells were associated
ith bacillary load of Mtb  in sputum smears from TB patients. Ourshown. The range gate was set using PBMC cultures without stimulation (medium)
e and the mean ﬂuorescence intensity of this population. (C) Speciﬁc IL-10 MFI of
8+ T cells from TB patients and LTBI and CS individuals. Data are expressed as the
results demonstrate that speciﬁc Tc1 and Tc17 cells are induced in
active TB but not in LTBI or CS. In addition, TB patients presented
with a higher expression of IL-10 and TGF- from CD8+ T cells
in contrast to the lower expression of granzyme-B. When these
phenotypes were evaluated according to smear grade of bacillary
load, TB patients with a higher smear grade had increased IL-10
and TGF- expression and reduced expression of granzyme-B in
CD8+ T cells. This is the ﬁrst study, to the best of our knowledge, to
demonstrate speciﬁc CD8+ T cells producing IL-17 in the peripheral
blood of active TB patients and the direct association of different
CD8+ T-cell phenotypes with the smear grade of bacillary load in
TB patients.
The speciﬁc immunity to different Mtb  antigens has been stud-
ied thoroughly. Some of those antigens, as for example MPT51, was
shown to discriminate patients with active TB from healthy indi-
viduals by cellular and/or humoral responses [22,31], specially in
HIV infected TB patients [32,33]. Previously we  have shown that
stimulating PBMC from TB patients with MPT51, CD8+ T cells were
induced to produce both IL-10 and IFN- in similar levels as other
antigens, like ESAT-6 and Ag85 [22]. Therefore justifying its use to
evaluate CD8+ T cell cytolytic response. The MPT51 antigen is a pro-
tein of 27 kDa characterized as a non-catalytic / hydrolase that
is involved in M. tuberculosis adhesion mechanisms contributing to
the virulence, being produced in both active and latent phases of
the disease [34].
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Fig. 3. Ex vivo expression of perforin and granzyme-B from CD8+ T cells in TB, LTBI, and CS individuals. PBMC were obtained from all individuals and the expression of
cytokines was analyzed by ﬂow cytometry. (A) Representative FACS plot of perforin and granzyme-B expression from CD8+ T cells. The numbers are the percentage of CD8+ T
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nd  LTBI or CS individuals. (C) Ex vivo MFI  of granzyme-B in CD8+ T cells from TB
igniﬁcant differences between the groups (*p < 0.05).
IFN- expression from CD8+ T cells of patients with active TB
einforced the evidence that IFN- is crucial for immune responses
o control Mtb  during the active phase of the disease [2–4,8] and can
e produced by different cells [2,35]. In addition, CD8+ T cells from
B patients were positive for IFN- independently of the sputum
acterial load or the expression of IL-17 (Figs. 1 and 5A). However,
B severity was not associated with IFN-+ or IL-17+ by CD8+ T
ells different from what was observed with CD4+ IFN-+IL-17+ T
ells that increased levels in active TB patients and correlates with
he severity of the disease [3].
The presence of CD8+ T cells expressing IL-17 in patients with
ctive TB may  be explained by high levels of IL-6 in the plasma
f TB patients, which contributes to Th17 and Tc17 cell differen-
iation [36–38], which is highly prevalent in TB [39]. During the
ctive phase of TB infection, a large number of cells are activated, Ex vivo perforin mean ﬂuorescence intensity (MFI) of CD8+ T cells from TB patients
nts and LTBI or CS individuals. Data are expressed as the mean ± SEM. Bars show
leading to high levels of inﬂammatory cytokines that contribute to
the activation of cell subpopulations that produce IL-17. This might
be speciﬁc to patients with active TB. The presence of Tc17 cells in
active TB suggests they might be involved in the immunopatho-
genesis of TB, as has been demonstrated for Th17 cells [40] and
indicates that CD8+ T cells are involved in immune responses
against Mtb.
Increased numbers of Tc17 and IL-6 cells in TB patients together
with Tc1 cells can promote the development of other cell popu-
lations that produce regulatory cytokines to compensate for the
inﬂammatory process, as shown for CD4+ T cells [41,42]. Impor-
tantly, effective suppression by regulatory T cells was only reported
in IFN-+ cells, but the suppression of IL-17 by Treg cells has
not been shown [36–38]. The presence of regulatory cytokines in
TB immunology generally correlates with an attempt to control
B.D.d.S. Silva et al. / Immunology Letters 160 (2014) 23–32 29
Fig. 4. Representative histogram ﬂow plots of CD8+ T cells expressing IL-10 and TGF- from TB patients stratiﬁed according to the bacillary load. TB patients were stratiﬁed
according to sputum smear grade of low (1+), medium (2+), or high (3+) bacillary load. The range gate was set using PBMC cultures without stimulation (medium) for each
subject.  The numbers are the percentage of CD8+ T cells positive for each cytokine and the mean ﬂuorescence intensity of this population. (A) Representative ﬂow plots of
CD8+  T cells expressing IL-10. (B) Representative ﬂow plots of CD8+ T cells expressing TGF-.
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Fig. 5. Expression of IL-10, TGF-, IFN-, IL-17, and granzyme-B from CD8+ T cells of TB patients according to bacillary load. TB patients were divided according to sputum
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issue damage caused by inﬂammatory cytokines in response to
tb  [42].
Currently, the role of CD8+ T cells in TB is thought to involve
heir cytolytic activity mediated by cytotoxic granules [13,17]. The
educed level of granzyme-B granules observed here was  asso-
iated with an increase in the bacillary load and this fact may
ontribute to the multiplication of the bacillus because granzyme-
 activates caspases such as caspase-3 and the mitochondrial
nfected cell death pathways [43]. This observation suggests that
uring active TB, CD8+ T cells develop a potential granzyme-B-
ndependent cytotoxic mechanism involving Fas-L and/or TNFR
athways [17]. Rozot et al. [13] observed different results, but they
nalyzed the expression of granzyme-B in Mtb-speciﬁc CD8+ T
ells producing IFN-, which may  have generated these discord-
nt results [13]. Conﬁrming our results, the down-regulation of
ytotoxic granules in CD8+ T cells was associated with Chlamydia
nfection [44].Next, we investigated whether the bacillary load in sputum
mears from TB patients is correlated with the phenotypes of CD8+
 cells described in this study. The mechanism of cytotoxicity of
D8+ T cells is dependent on perforin and we did not ﬁnd signiﬁcantre associated with the sputum smear grade of bacillary load (A – IL-10, B – TGF-,
uoresce intensity (MFI), D – Tc1, E – Tc17, F – granzyme-B). Box plots show the
differences in the expression of perforin by CD8+ T cells between
analyzed groups because it was  not correlated with the bacterial
load, since it has been demonstrated that this molecule is involved
in the response against Mtb  in humans [13]. Independent of the
severity of disease, the numbers of CD8+ T cells producing IFN-
and IL-17 was not altered, reinforcing the idea that these cytokines
participate in the pathogenesis of TB [3]. However, the speciﬁc
expression of IL-10 and TGF- by CD8+ T cells was  signiﬁcantly
increased in TB patients with a high bacillary load. Although a direct
correlation between categorical and numerical variables is difﬁ-
cult to evaluate, a relationship between the increase of MFI  from
both cytokines was associated to the bacillary load, suggesting that
those cytokines expression on CD8+ T cells might be correlated with
the immune exhaustion discussed by others researchers (Fig. 5)
[3,17]. The functional capacity of Mtb-speciﬁc T-cell responses in
humans is associated with the mycobacterial load when observed
for polyfunctional T cells. However, this was  not observed for IL-17,
IL-10, TGF-, and granzyme-B expression in CD8+ T cells [27]. The
expression of granzyme-B in CD8+ T cells was  decreased while the
bacillary load increased. The down-regulation of cytotoxic gran-
ules in CD8+ T cells is associated with the severity of Chlamydia
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nfection [44] similar to what might happen in active TB. The pres-
nce of cavitations observed in 62.5% (n = 10) of patients with a
igh bacillary load (3+) indicates that disease severity contributes
o the generation of different CD8+ T-cell phenotypes in active
B [24–26].
It is important to emphasize that the results observed here were
irectly related with the type of TB (pulmonary), the bacillary load,
nd the presence of cavities in the lungs of available patients, but
ot to the generation of necrosis and/or apoptosis in lung tissue.
hus, the appearance of CD8+ T-cell subpopulations might be to
ounterbalance inﬂammation generated in response to Mtb  at the
issue level.
Our study has several limitations including the small number
f enrolled patients that voluntarily accepted to participate, cor-
esponding to about 60% of the consecutively attending patients
t the outpatient clinic of Hospital das Clínicas, HDTAA and CAIS
ova Era, governmental hospitals, and medical centers during the
ecruitment period. However, we believe this did not inﬂuence the
utcome of our analysis.
In conclusion, our study suggests that during active TB, many
D8+ T-cell phenotypes are induced and that the bacillary load
n sputum smears from TB patients can be associated with
hese phenotypes. Thus, our results represent a step forward in
nderstanding the role of CD8+ T cells in the pathogenesis of
uberculosis and provide new insights on different functional and
henotypic proﬁles of CD8+ T cells induced in an active disease.
owever, to clarify the mechanisms involved, further studies are
equired.
cknowledgments
The authors thank the Laboratório de Farmacologia e Toxicologia
elular of FARMATEC/UFG for cytometer support. The authors also
hank many additional members of the Laboratório de Imunopa-
ologia das Doenc¸ as Infecciosas and Laboratório de Bacteriologia
olecular of IPTSP/UFG team who helped with patient enrollment
nd the evaluation of participants, and ﬁnally, the participants
hemselves.
This work was funded by CNPq (grant no. 575907/2008-
 and 301976/2011-2) and FAPEG/PRONEX (grants nos.
00910267000446) in Brazil.
eferences
[1] Global tuberculosis control: surveillance, planning, ﬁnancing. WHO  report
2012. Geneva, Switzerland: WHO; 2012.
[2] Flynn JL, Chan J. Immunology of tuberculosis. Annu Rev Immunol
2001;19:93–129.
[3] Jurado JO, Pasquinelli V, Alvarez IB, Pen˜a D, Rovetta AI, Tateosian NL, et al. IL-17
and IFN- expression in lymphocytes from patients with active tuberculosis
correlates with the severity of the disease. J Leukoc Biol 2012;91:991–1002.
[4] Kassa D, Ran L, Geberemeskel W,  Tebeje M,  Alemu A, Selase A, et al. Analysis
of  immune responses against a wide range of Mycobacterium tuberculosis anti-
gens in patients with active pulmonary tuberculosis. Clin Vaccine Immunol
2012;19:1907–15.
[5] Torrado E, Cooper AM.  IL-17 and Th17 cells in tuberculosis. Cytokine Growth
Factor Rev 2010;21:455–62.
[6] Li X, Zhou Q, Yang WB,  Xiong XZ, Du RH, Zhang JC. Pleural mesothelial cells pro-
mote expansion of IL-17-producing CD8+ T cells in tuberculous pleural effusion.
J  Clin Immunol 2013;33:775–87.
[7] Van Crevel R, Ottenhoff THM, Van Der Meer JWM.  Innate immunity to Mycobac-
terium tuberculosis. Clin Microbiol Rev 2002;15:294–309.
[8] Borgström E, Andersen P, Atterfelt F, Julander I, Källenius G, Maeurer M,  et al.
Immune responses to ESAT-6 and CFP-10 by FASCIA and multiplex technology
for diagnosis of M.  tuberculosis infection; IP-10 is a promising marker. PLoS ONE
2012;7:e43438.
[9] Boussiotis VA, Tsai EY, Yunis EJ, Thim S, Delgado JC, Dascher CC, et al. IL-10-
producing T cells suppress immune responses in anergic tuberculosis patients.
J  Clin Invest 2000;105:1317–24.
10] Kumar NP, Gopinath V, Sridhar R, Hanna LE, Banurekha VV, Jawahar MS,  et al.
IL-10 dependent suppression of type 1, type 2 and type 17 cytokines in active
pulmonary tuberculosis. PLoS ONE 2013;8:e59572.
[ Letters 160 (2014) 23–32 31
11] Roberts T, Beyers N, Aguirre A, Walzl G. Immunosuppression during active
tuberculosis is characterized by decreased interferon- production and CD25
expression with elevated forkhead box P3, transforming growth factor- and
interleukin-4 mRNA levels. J Infect Dis 2007;195:870–8.
12] Harari A, Rozot V, Enders FB, Perreau M, Stalder JM,  Nicod LP, et al. Dominant
TNF-+ Mycobacterium tuberculosis-speciﬁc CD4+ T cell responses discriminate
between latent infection and active disease. Nat Med  2011;17:372–6.
13] Rozot V, Vigano S, Mazza-Stalder J, Idrizi E, Day CL, Perreau M,  et al.
Mycobacterium tuberculosis-speciﬁc CD8+ T cells are functionally and pheno-
typically different between latent infection and active disease. Eur J Immunol
2013;43:1568–77.
14] Pollock KM,  Whitworth HS, Montamat-Sicotte DJ, Grass L, Cooke GS, Kapem-
bwa  MS,  et al. T-cell immunophenotyping distinguishes active from latent
tuberculosis. J Infect Dis 2013;208:952–68.
15] Behar SM. Antigen-speciﬁc CD8+ T cells and protective immunity to tubercu-
losis. Adv Exp Med  Biol 2013;783:141–63.
16] Silva BDS, Alves SLA, Kipnis A, Junqueira-Kipnis AP. Late diagnosis and TCD8
immune response proﬁle of cutaneous tuberculosis: a case report. Open J
Immunol 2012;2:125–31.
17] Woodworth JSM, Behar SM.  Mycobacterium tuberculosis speciﬁc CD8+T cells
and their role in immunity. J Immunol 2008;181:8595–603.
18] Kondo T, Takata H, Matsuki F, Takiguchi M.  Cutting edge: phenotypic character-
ization and differentiation of human CD8+ T cells producing IL-17. J Immunol
2009;182:1794–8.
19] Peng Y, Han G, Shao H, Wang Y, Kaplan JH, Sun D. Characterization of IL-17-
interphotoreceptor retinoid-binding protein-speciﬁc t cells in experimental
autoimmune uveitis. Invest Ophthalmol Vis Sci 2007;48:4153–61.
20] Nam JS, Terabe M, Kang MJ, Chae H, Voong N, Yang YA, et al. Transforming
growth factor beta subverts the immune system into directly promoting tumor
growth through interleukin-17. Cancer Res 2008;68:3915–23.
21] Tzartos JS, Friese MA,  Craner MJ,  Palace J, Newcombe J, Esiri MM,  et al.
Interleukin-17 production in central nervous system-inﬁltrating T cells and
glial cells in associated with active disease in multiple sclerosis. Am J Pathol
2008;172:146–55.
22] Araújo-Filho JA, Vasconcelos-Júnior AC, Sousa EM,  Kipnis A, Junqueira-Kipnis
AP. Cellular responses to MPT51, GlcB and ESAT-6 among MDR-TB and active
tuberculosis patients in Brazil. Tuberculosis 2008;88:474–81.
23] Pinheiro MB,  Antonelli LR, Sathler-Avelar R, Vitelli-Avelar DM,  Spindola-
de-Miranda S, Guimarães TM,  et al. CD4-CD8- and  T cells display
inﬂammatory and regulatory potentials during human tuberculosis. PLoS ONE
2012;7:e50923.
24] Hesseling AC, Walzl G, Enarson DA, Carroll NM,  Duncan K, Lukey PT, et al.
Baseline sputum time to detection predicts month two culture conversion and
relapse in non-HIV-infected patients. Int J Tuberc Lung Dis 2010;14:560–70.
25] Gopi PG, Chandrasekaran V, Subramani R, Santha T, Thomas A, Selvakumar
N,  et al. Association of conversion & cure with initial smear grading among
new smear positive pulmonary tuberculosis patients treated with Category I
regimen. Indian J Med  Res 2006;123:807–14.
26] Ralph AP, Ardian M,  Wiguna A, Maguire GP, Becker NG, Drogumuller G, et al. A
simple, valid, numerical score for grading chest X-ray severity in adult smear-
positive pulmonary tuberculosis. Thorax 2010;65:863–9.
27] Day CL, Abrahams DA, Lerumo L, Janse van Rensburg E, Stone L, O’rie T, et al.
Functional capacity of Mycobacterium tuberculosis-speciﬁc T cell responses in
humans is associated with mycobacterial load. J Immunol 2011;187:2222–32.
28] de Kantor IN, Kim I, Frieden SJ, Laszlo TR, Luelmo A, Norval F, et al. Laboratory
services in tuberculosis control. Geneva: World Health Organization; 1998.
29] World Health Organization. Manual of the national tuberculosis and leprosy
programme; 2010.
30] Silva BDS, Tannus-Silva DS, Rabahi MF,  Kipnis A, Junqueira-Kipnis AP. The use
of  Mycobacterium tuberculosis HspX and GlcB to identify latent tuberculosis in
rheumatoid arthritis patients. Mem  Inst Oswaldo Cruz 2014;109:29–37.
31] Almeida CMC, Vasconcelos-Junior AC, Kipnis A, Andrade AL, Junqueira-Kipnis
AP. Humoral immune responses of tuberculosis patients in Brazil indicate
recognition of Mycobacterium tuberculosis MPT51 and GLcB. Clin Vaccine
Immunol 2008;15:579–81.
32] Achkar JM,  Dong Y, Holzman RS, Belisle J, Kourbeti IS, Sherpa T, et al. Mycobac-
terium tuberculosis malate synthase- and MPT51-based serodiagnostic assay
as  an adjunct to rapid identiﬁcation of pulmonary tuberculosis. Clin Vaccine
Immunol 2006;13:1291–3.
33] Achkar JM,  Jenny-Avital E, Yu X, Burger S, Leibert E, Bilder PW,  et al. Antibodies
against immunodominant antigens of Mycobacterium tuberculosis in subjects
with suspected tuberculosis in the United States compared by HIV status. Clin
Vaccine Immunol 2010;17:384–92.
34] Wilson RA, Maughan WN,  Kremer L, Besra GS, Fütterer K. The structure
of  Mycobacterium tuberculosis MPT51 (FbpC1) deﬁnes a new family of non-
catalytic alpha-beta hydrolases. J Mol  Biol 2004;2:519–30.
35] Al-Attiyah R, El-Shazly A, Mustafa AS. Comparative analysis of spontaneous and
mycobacterial antigen-induced secretion of Th1, Th2 and pro-inﬂammatory
cytokines by peripheral blood mononuclear cells of tuberculosis patients. Scand
J  Immunol 2012;75:623–72.
36] McGeachy MJ, Bak-Jensen KS, Chen Y, Tato CM,  Blumenschein W,  McClanahan
T,  et al. TGF- and IL-6 drive the production of IL-17 and IL-10 by T cells and
restrain TH-17 cell-mediated pathology. Nat Immunol 2007;8:1390–7.
37] Tajima M,  Wakita D, Noguchi D, Chamoto K, Yue Z, Fugo K, et al. IL-6-dependent
spontaneous proliferation is required for the induction of colitogenic IL-17-
producing CD8+ T cells. J Exp Med  2008;205:1019–27.
3 ology
[
[
[
[
[
[
Differ 2012;19:28–35.2 B.D.d.S. Silva et al. / Immun
38] Ciric B, El-behi M,  Cabrera R, Zhang G, Rostami A. IL-23 drives pathogenic IL-
17-producing CD8+ T cells. J Immunol 2009;182:5296–305.
39] Dutta RK, Kathania M,  Raje M,  Majumdar S. IL-6 inhibits IFN- induced
autophagy in Mycobacterium tuberculosis H37Rv infected macrophages. Int J
Biochem Cell Biol 2012;44:942–54.
40] Scriba TJ, Kalsdorf B, Abrahams DA, Isaacs F, Hofmeister J, Black G, et al. Distinct,
speciﬁc IL-17 and IL-22-producing CD4+ T cells subsets contribute to the human
anti-mycobacterial immune response. J Immunol 2008;180:1962–70.
41] Hougardy JM,  Place S, Hildebrand M,  Drowart A, Debrie AS, Locht C, et al.
Regulatory T cells depress immune response to protective antigens in active
tuberculosis. Am J Respir Crit Care Med  2007;176:409–16.
[ Letters 160 (2014) 23–32
42] Ribeiro-Rodrigues R, Resende Co T, Rojas R, Toossi Z, Dietze R, Boom
WH,  et al. A role for CD4+ CD25+ T cells in regulation of the
immune response during human tuberculosis. Clin Exp Immunol 2006;144:
25–34.
43] Ewen CL, Kane KP, Bleackley RC. A quarter century of granzymes. Cell Death44] Ibana JA, Myers L, Porretta C, Lewis M,  Taylor SN, Martin DH, et al. The major
CD8 T cells effector memory subset in the normal and Chlamydia trachomatis-
infected human endocervix is low in perforin. BMC  Immunol 2012;13:
66–79.
